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BQOIVALENTS USED FOR ACTIVATED SLUDGE CALCULATIONS 



ft 


X 


0.3048 « 


m 


inches 


X 


2e540 « 


CIS 


m 


X 


3e28083 « 


ft 


n 


X 


39.37 


in 


so ft 


X 


0.0929 « 


sq n 


sq n 


X 


10.7639 « 


so ft 


cu ft 


X 


28.3170 « 


liter 


ou ft 


X 


0.028317 


cu m 


cu ft 


X 


7.48052 « 


gal 


cu M 


X 


1000.0 « 


liter 


CU SI 


X 


35.3145 


cu ft 


CU m 


X 


264.179 « 


gal 




X 


3.785 « 


liter 


cral 


X 


0.003785 « 


cu m 


liter 


X 


0.26417 


gal 


mgd 


X 


3785 « 


cu ii/day 


cu n/day 


X 


0.000264 « 


sigd 


gpd/sq ft 


X 


0.0408 


cu m/day/sq m 


eti n/^Av /so in 


X 


24.51 « 


qpd/6a ft 


lb 


X 


0.453592 


kg 


lb 


X 


453.592 « 


g 




X 


2.20462 » 


lb 


kg 


X 


1000.0 


g 


lbs/1000 cu ft 


X 


16.0 


g/cu m 


^/cu m 


X 


0.0625 


lbs/1000 cu ft 


cu ft (h2o) 


X 


62.4 


lb (h2o) 


gal (h2o) 


X 


8.345 


lb (h2o) 


liter (H^o) 


X 


1.000 


kg (h2o) 


lb/day 




« nigd X mg/l 


X 8.345 


kg/day 




« cu m/day x 


mg/l /lOOO 


lb 




« English SLU x (WCR*/1193) 


kg 




a Metric SLU 


X (WCR/10) 



English SLU « Metric SLU x 2G4.2 
Metric SLU > English SLU x 0.003735 

*WCR « sludge weight (mg/l)/centrif uged concentration (%) 
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The Matioiial Waste TreatMnt Center (Cincinnati) is 
developing a series of paaphlets describing Operational 
Oontrol Procedures for tbe Activated Sludge Process. This 
series, describing the "MC Procedures", jdrll include Part 

z oBSEmnaixm, Part zz oontrol tbsts. Part izz calcolktzoii 

PMCBDimBS, Part ZV SLUDGE QDALZTT, Part V PROCESS OONTROL 
and an APPBNDZX. Each of these individual parts will be 
released for distribution as soon as it is ooapleted, though 
BO% necessarily in nu t r ical order; The original five-part 
series aay then be ei^Minded to include case histories and 
refined process evaluation and control tediniques. 

niis- paaphlet has hepn developed as a reference for 
Activated Sludge Plant Control lectures Z have presented at 
training sessions, synposia, and woricshops. Zt is based on 
■f personal conclusions reached «rtiile directing the 
operation of dozens of different activated ^tludge plants. 
This paai^let is not necessarily an esqjression' of 
Knvironaental Protection Agency policy or requirenents. 

The Mention of trade nanes or connercial products in 
this paaphlet is for illustrative purposes and does not 
constitute endorsepent or reoonncndation for use by the 
' Environnental Protection Agency. 



Alfred H. West 
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An activated sludge plant that haa been designed to 
pendt operation in a plug-floir, step-feed, or contact* 
stMsilisation aode provides great control fleicibility and 
can be operated wmof different Calculations of step- 

feed process diaracteristics, hovever, are w>re conplex than 
the previoosly illustrated calculations for aeration tanks 
operating in the plu^-floir aode* Though few operators will 
perf or m all tiie step-feed calculations, all should be 
generally aware of the oicidation and purification pressure 
changes tiiat occur when the process wode is shifted through 
various conM nations of step loading* 

Th0 Smmary, ykleh pTobablff %b th^ mo&t uB^ful part^ of 
thi& &00tian, illuBtrat0& tho types of chango9 that ooour 
lAsn a plug^floy oy&tom is witohod to various mtop^fm^d 
combinations. 

Of nearly equal inportanoe are the calculation 
procedures used to determine the sludge and waste detention 
tiaes in a «tep-feed configuration* Then the additional 
proc^w paraaeters unique to st^p-feed are shown* Finally, 
the rationale of the calculaticm procedures is included for 
tiioee who mmf be interested in the derivations* 

The intent of this pa^ihlet is not to describe specific 
stsp-feed locations tiiat are aost ^ipropriate for all plant 
loading and sludge quality conbinations* The illustrations 
and ewpiss are intended to enplisiixe how the activated 
sludgs process reacts to changes in wastewater f eed^*point 
locations* The Calculation Tormm present an orderly 
procedure to determine, and at times predict, process 
response to various step- feed loa Jings • Other feed 
configurations could at times be more beneficial than those 
shown in the illustrations* 
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Treatamt plants at lAicfa csperators can switch waste- 
water in-flow from one bay of an aeration tank to one or 
:aore other t^ys (step-feeding) have additional ways to meet 
the process^ dewsnds o£ the activated sludge system, 
■ecognition of the process denands that call for such 
oontrdl changes and knowledge of what happens irtien step- 
feeding is eaployed provide the foundation for successful 
operation of such plants. The curves on Figure 1 show how 
shifting wastewater in*f low locations exerts forces on mixed 
liquor 9luigm oxidation that are <qpposite to those exerted 
on wamtm^ator trmatmont. E^iowledge of these facts alon4 
permits operators to shift step control in the proper * 
direction to correct sludge or final effluent deficiencies 
and to restore best process balance. 



SLUIN£ OXIDATION PRESSURES 

Oxidativo prsssMFSs. iwipo&od on tho aetivatod 
oludgo incToamo as tho waotowator ontom farthor 
away from tho hoad and olo&op to tho oxit and of 
thm oompartmontod aaration tanks. 



NASTENATER TREATPENT PRESSURES 

Purifioation proBOuroa ox^rted on the 
waotayator dooroaao aa it ontoTB farther away from 
the head end and oloeer to the exit end of the 
aeration tanke.^ 



DISCUSSION 

Total aeration tank volunes and return sludge and waste 
water flows shown in Figure 2 are sinilar to those used in 
the calculation exasiples presented in Part III*A. The 
aeration tank characteristics used in this Sunnuiry example 
differ frosi those in Part III-A because the tank is divided 
into four equal step- feed bays^ but the ' flows differ only 
slightly, when the sludge wasting rate is set at zero. 

Zn addition to the process changes induced directly by 
switching step-feed inlet locatims, the impact of such 
flanges will be further governed by any var.^ation in the 
sludge wasting rate. 
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WASTEWATER FEED INLET LOCATIONS FOR FIGURE 1 




Figure 1 

3LUDGE OXIDATION li WASTE TREATMENT PBESSURES 
At Various 8top-A«r«tion Loadings 
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EXAMPLE A 



Sludge Watinq^Rate Decreased 

Mormalty pnorsoBitd mludg* oxidation pr««*iir«* oan be 
maximiued and 'normally dscr€a§€d,tfa§i€ treatment preeeuree 
eon be improved by a do^ordina^d redudtion-Hn the eludge 
wasting rate when ths etep-feed in^flow location ie ehifted 
toward the baye nearer the aeration tank outlet end. 

This is the case discussed in the Suanary and 
illustrated in Figures 1 and 2. The reduced wasting rate* 
in effect* increases the nurt>er of sludge units in the 
systesif emtually restores RSC to 15.0% » and increases 
sludge age. / The uxed liquor concentration in the last bay 
(ATCa) wopld also be 'restored to 5.0% afte^ a short-term sag 
in both >B8C and AVCn. Obviooaiy* aeration devices aust be 
powerful ^enough to support the indreased aixed liquor 
oonoentratioiis, and final darifiers aust provide the d^th 
and surface area neMed to perait proper ccMnpaction of the 
slow er - s ettling, high-concentration sludge mass. 

This coordinated ocmtrol procedure, shifting step-feed 
toward the outlet end while simultaneously reducing sludge 
wasting, is usually appropriate to restore balance %fhen the 
aimed liquor sludge settling rates have become too slow but 
still do not approach tfai alaost negligible rates associated 
with true classic bulking. Such sludge quality degradation 
can be* caused, for exaaple, by a short-tera organic overload 
that increases production of the new)l> underoxidized slow- 
settling ' coapope n t of the aixed liqnor aass. The altered 
process requt rsasn ts can then be aet by moving the 
wastewater in-flow nearer- the aeration tank outlet to 
increase oxidative presiures^and, by decreasing the sludge 
wasting rate, to increase sludge age slightly. 



EXANPLE B 

Sludge Hasting Rate Held Constant 

^^^^^^^^^^ ^"""^^ --i^^iM^ ^^^^^^^^^^^B 

Sludge oxidation preeeuree will be' inoreaeed only 
nominally and waete treatment preeeuree wilt be reduced wore 
eharply if the eludge waeting rate ie held oonetant or 
inoreaeed after the in^flow lodation ie ehifted, ae wae done 
in Example A, 

This phenomenon will be detailed in folliowing sections 
where coaparisons of other slud^ and process responses to 
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vurlad in-tlow locations t vatting rates # and retuni sludge 
flow pacoontagos are discussed. 



Althoogli not illustrated in Figure 1, the mixed liquor 
ooneontration of the outlet bay (ATCn) , the number of sludge 
units returned to the* aeration tanks (RSU), and the waste 
treataeat. pressure represented by RSU per 1000 gallons of 
walitewater or per pound of incoming BOD all remained 
constant throu^^iotit Example A but dropped in Exan^le B trtien 
the step- feed location was ' ' ^.oward the outlet end. 

'Holding the sludga wast.^..g rate constant, as discussed 
in Example B, will usuallv lower sludge blanket levels .that 
have risen too hi^ In hydraulically overloaded final 
Clarifiers. Since i^^tical quality ^xed liquor sludges 
Isame AGE, ifCR, SSC60', etc. ) settl^more rapidly as their 
concmtrations (AIC) are reduced, this particular response 
is governed mainly by the reduced ATCn. 



t The folloiring concl\isions are based on bo' > fundamental 
thMry and on the author's observations at step-feed plants 
that were opei^tec according to his direction. 

1* D0gfad0d'»ludff equality attooiattd uitH d^ereasing 
90ttling and oompaotion rat»» can usually be improved by 
•hi f ting the etep-feed location totiard the outlet end of*phe 
aeration tanke. 



In this. case» sludge okidation pressures can be 
maximise^ vby shifting all^ the way to the last bay to 
approxiaate contact stabilisation. The final effluen)^ will 
be temporarily degraded, but restoring proper 'sludge quality 
will improve effluent quality to produce a long-term,^ 
beneficial effect on receiving waters. The stqp-feed 
location is then usually shifted back toward the plug-flow 
configuration after, sludge quality has improved 
sufficiently. _ I ' I 

i 

2m Hnal 0ffiu0nt quality can Muatly be improved by 
Shifting the etep^fewd location toward the head end of the 
aeration tanke. 

Zn this case, the trei^btient pressures can be niaximized 
by shifting all the way back to the first bay in the 
oonvsntional plug-flow node. This presupposes< t^at the 
plant has adequate capacity and that thorough and complete 
nixing takes place in each bay. # i 
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BASIC CALCULAlTDIl PROCEDTOtES 



DATA SOURCES AND TEXT ORGANIZATION 

Calculation procedures used by the Waste Treatment 
Branch of the NFIC'^C during technical siqpport projects are 
described in Part III of the Operational Control Procedures 
for the Activated Sludge Process. The suggested types and 
frequency of c^servations and control tests have baea^ 
described in Parts I and II. 

Part lll*A enphasizes calculation procedures for 
conventional activated sludge plants. This Part III-B 
utilises the saae text /o^anization format and the same 
plant' geometry. The difference between the two pamphlets is 
that this Part stresses the calculation procedures for the 
facility that lias bten provided with the step-feed 
capability.. In ' 'addition to the calculation procedures, 
comparisons are madfh.l^ the plug-flow parameters of Part 
III*A to emcdiasiM tlKMe values which change as the process 
is shifted from the plug-flow to the step-feed mode. 

Flow meter readings and control test results comprise 
the " Observed* data that are entered in the formulas to 
datermine the " Wanted* information. 

All calculations are performed in step-by-step fashion 
and in aiost cases tabular calculation forms are provided to 
illustrate the proper sequence of calculation steps to be 
used in obtaining intermediate and final results. All 
examples are expressed in separate metric unit and English 
unit sections #to avoid confusion. A table of equivalents is 
printed inside the front cover. Figure 3 identifies the 
tank sixes, flow rates, and sludge concentrations used in 
the calculation examples. For convenience, each example is 
preceded by definitions of the symbols used in it. A 
complete list of all symbols and their definitions is 
included in the Appendix to this pamphlet series. 

Though this Pari requires numerical notation, the 
reader need only remember that the numbex^ refers to the bay 
of the aeration tank. For example, ATC2 means the 
concentration of the mixed liquor (t by centrifuge) in the 
■acond bay of the^^ration tank. AVG3 means the volume of 
the third bay expressed in gallons. TFLj means the total 
flow through the *j th* bay, and finally, TFLj-1 means the 
total flow through the bay preceding the "j th* bay. 
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MF 



> 11*390 cu m/d 
' 3.00 mftf 
MC«16.0% 



AFI 



■22720 cu m/d 
« 0.00 mgd 



AFI1 s 2.272 cu m/d 
» 0.60 mgd 



AVM| (cu m) 
AVQj (mill g) 

ATCJ (%) 
ASDTj (hrs) 

TFL (mod) 
ASUj(SLU) 



AFI3 s 6.816 cu m/d 
« H>o mgd 



1 



BAY 1 


BAY 2 


1,189 


SJI 


0.313 


0.346 


12.50 


9.38 


2.09 


173 


3.6 


4.8 


39.250 


32.450 



viz 



BAY 3 

1.665 
0.^ 

6.82 
1.60 

6.6 
30*000 



BAY 4 

1783 
0.471 

5.00 
1.26 

9.0 
23.550 



AFI2 > 4,544 cu m/d 
s 1.20 mgd 



AFI4 s 9.088 cu m/d 
s 2.40 mgd 



TFL > 3/.O8O cu m/d 
s 9.00 mgd 

AVM = 5.945 
AVO =1.57! 

ATCm = 7.97 
ASDT = 6.68 
(AWDT = 2.Pt>) 

Aru = 125.250 



Figure 3 



AERATION "fANK CHARACTER I8TIC8 FOR THE CALCULATION EXAMPLE 



USE OF CALCULATED RELATIONSHIPS 



The Sismnary statements should help an operator 
determine what to do irtien faced with deteriorating sludge or 
effluent quality. They should help him start shifting 
wastewater feed location in the proper direction along the 
aeration tank flow path with greater assurance that he will# 
in factjp be performing a corrective control adjustment. 

But most operators will also wish to know if they are 
^ shifting far enough and fast enough. Marty will want to 
determine the actual sludge oxidation and wastewater 
treatment pressure changes that followed their process 
control adjustments. And some will wish to trim up their 
step^feed adjustments to achieve the best net result. To do 
this 9 the operator needs more numbers . Although the 
calculation of certain factors governing step«feed operation 
is more complex than that in plug-flow operations, it is not 
really too difficult if approached in an ^orderly manner. 
Such numbers cam be determined quite easily and rapidly with 
the aid of a con^uter and fairly readily using a good desk 
calculator. Finally, though more time consuming, they can 
be determined by pencil-and-paper simple arithmetic. 

' The following tabular fopuits are geared to help an 
operator post observed data, record intermediate calculation 
results, and determine the process pressures and responses 
without a computer. They should also help the more 
fortunate few set up orderly computer programs. 

If you have not performed step calculations before, 
don't let the tables and methodology scare you. The 
procediires are not nearly as formidable as they may appear 
at first glance, even though you may have to plod 
laiboriously through your first few trials. After that the 
logic will become more apparent and the procedures more 
r systematized. You may then wish to determine additional 
process characteristics that can provide you with an even 
greater insight into the reactions occurring throughout your 
process. Above all, these efforts should help you produce a 
better final effluent. 



SYMBOLS AND DATA USED IN THE EXAMPLES 

To calculate aeration tank characteristics for step-* 
feed or contact stabilization, it is necessary to average 
the characteristics over the separate compartments of the 
aeration tanks and, because the cosqpartments may not all be 
the same volume, a weighted average must be use^d. 

V 

9 

\ 
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. SYMBOLS 

ADT » Aera^on Tank Detention Tine (Hours) 
API - Xsration Tank ilasteirater'>loir-In 

A8DT • Xeration Tank Sludge Detention'Trime (Hours) 
ASU ^ Xaration Tank kludge Units ^ 
ATC - Xsraticm Tank 5bncentration (t by Centrifuge) 

ATOi • Mean Aejra&on Tank Ocmcentration 

ATCn - AeratTdin Tank Sonoentratipn (Final Bay) 
AV Xeration fank ^tilune 
AV6 - ]Carati6n Tank 7olune (Gallons) 
AVM - Xsration Tank Volume (7ubic Meters) 

AMDT • Xeration Tank fl[aate Detention Tine (Hours) 

BODi • Wiv^^dBif BioGhodcainoxygen Ddiand of the 
ffastewater Entering (Tn) the'lteration Tanks 

BODo • Five-day Biochemical Sxygen Dmand of the 
\ Final Clarif ier ]^f fluent (ouD 
R8C • Hetum Sludge Concentratioii (t by jZentrifuge) 
RSF • Sstum kludge Flov . 

nTFL • fbtal fToit to jCeratiOn Tank 



Hatric Units 



EXAMPLES 

English Units 



Observed ^ 


Observed: 


Bays 




4 


Bays ■ 


4 


ATCl 


m 


12.50 t 


ATCl - 


12.50 t 


ATC2 


m 


9.38 t 


ATC2 - 


9.38 t 


ATC3 


m 


6.82 t 


ATC3 - 


6.82 t 


ATC4 


m 


5.00 t 


ATC4 - 


5.00 t 


AVNl 


m 


1,189 cu a 


-AVGl - 


314,000 gal 


AVM2 


m 


1,308 


AV62 - 


346,000 


AVM3 


m 


1,665 


AV63 - 


440,000 


AVM4 


w 


1#783 


AV64 - 


471,000 


AVN 


-m 


5,945'cu n 


AVG - 


1,571,000 gal 


AFIl 


m 


2,272 cu m/A 


AFZl - 


0.600 mgd 


AFX 2 


m 


4,544 . 


'AFI2 - 


1.200 


AFZ3 


m 


6,816 


AFZ3 - 


1.800 


AFZ4 


m 


9,088 


AFI4 - 


2.400 


AFX 




22,720 cu m/d 


AFX « 


6.000 ngd 


RSF 


m 


11,360 cu m/d 


RSF - 


3.000 mgd 


R8C 


m 


15.0 t 


RSC - 


15.0 t 
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CALClltATMM FOMIg 



HNW A 

Calculation form Alia used ts^coapute thoae step-feed 
paraMtera that Miat be deterned differently froa the 
ealeolatiOQ of pln^-^floir paraaetera that were illustrated in 
Fart ZZX*A. The atm-faed paraaetera involved include ASU, 
h809, JttlbT ^and A1GxMR>T. Once thea&.apecific values are 
determined, hm^er, \ calculation of other aeration tank 
paraaiatars atdt^th^; uae of these values to coapute additional 
relationahipi follow i|he aiapl#r aethods of ^art ZZZ-A. 

Calculation Fori A ia uaed directly when the aixed 
liquor coooentrati<m (ATC) in ea^ bay has been- asaaured and 
the wastawater f jpew 4nto each bay (AFZ) and the return 
alad9a flow (mj have been aetered. , The known and the 
obaarvad valuea iir the exaaple are italicized {0,S14, 12. SO, 
8.4 etc. ) for convenient reference. Zntetaediate calculated 
valuea are ahown in r^lar type (3.925« 39,250 etc.) and 
the final reaulta are tfhoita in bold, large type ( 19^ OUi m 

ASU, ASDT- 6.68 ■ 

Calculationa are atarted by posting all deserved values 
in. C0IW& i, 2, S, 6, 7, 8, 9 and if. , Znteraediate values 
are than calculated, step by atep, by following the 
instructdons printed i|t each coluan. The instructian of 
*lx2"^in coluan .0, tor exaaple, atatea that for the iirst 
>My 0*1) # the interatdiate "AVxATC" value is obtained by 
aultiplyiar the^ O.Si4 AV6 in coluan 1 by the 12, SO ATC in 
coluan 2, i.e., 0.314 x 12. SO ■ 3.925 as posted in coluan 3. 

According to the *5-t-6-t-7-t-8-t-9* instruction in column 10: 

TFL ' 3.00 * 0.00 * 0.00 ♦ 0.00 ••■ 0.00 - 3.60 for Bay 1 

TFL > 3.00 * O.eo * 1.20 * 0.00 0.00 " 4.80 for Bay 2 

TFL ' 3.00 * O.eo * 1.20 * 1.80 * 0.00 - 6.60 for Bay 3 

TFL - 3.00 * O.eo * 1.20 * 1.80 * 2.40 - 9.00 for Bay 4 

After all intermediate calculations have been 
performed, the deaired proceas diaracteriatic is determined 
by following the printed instructions at the bottom of the 
Table. The mean ATCxAWDT (shown beloW column 25), for 
exaaple, is deterained by dividing the to^al of the four 
coluan 25 valuea (121.930) by the total of four column 12 
values (6.00), e.g., ATCxMfDT - 121.930/6.00 - 20.32 
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CALCULATION FORM A 

To Detendne A8U, ASDT, AflDT and ATCxMfOT 
Fron Observed t MC, RSF« and 





1 

I- 


2 


3 


4 


e 

D 


Bay 
No. 


Obe 

AV6 

(mil g) 


Obs 

ATC 
. (%) 


- AVx 
ATC 


ASU 
' (SLU) 


0D8 
RSF 
(ngd) 




1 


1 


1x2 


(10) 'X3 




j-i* 


0,314 


1Z,60 


3.925 


39,250 


3,00 


J.2 


0,348 


»,38 


3.244 


32,440 


3,00 • 


J-3 


- 0,440 


8,82 


3.000 


30,000 


3,00 


j-4 


0,471 


S,00 


2.355 


23,550. 


3, 00 


TOTAL 


1.571- 


' AV6 






ASU 




Notet tlO)* and (24) are converalon factors, not Col. Nos. 
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CALCULATION FORM A (Continued) 




Divide Col. 18 TOTAL by Col. 12 TOTAL 

17.688/6.00 - AMDT - 2,95 




Divide Col. 25 TOTAL by Col. 12 TOTAL 

121.930/6.00 - ATCxAHDT - 20.32 
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TABLE A 


V 


1 


BOMNJUnr OF CALCULATIONS 


TEST IffiSULTS 


METRIC UNITS 


ENGLISH (miTS 


AVI 
AV2 
Mr J 
AV4 
AV 


1,190 CU a 
1,^10 
1,670 
1,780 

5,950 CU a 


0.314 all g 
0.345 
0.440 
0.471 

1.571 all g 


AFZl 

-API2 * 

APX4 ^ 

AFX : 


2,270 cu m/duf 

4,5,40 

6,810 

9,080' 

22f7XQ CU IvCUiy 


0.60 agd 
1.20 
1.80 
2.40 

D.ou ago 


BODl 

IILV88 
9StSS 


11,360 cu p/d^ 
160 ag/l 
10 ag/l 
3,000 a9/l 
12,000 ^9/1 


3.00 agd 
160 ag/l 
10- ag/l 
, 3,000 ag/l 

1 «1 AAA 

12,000 ag/l 


ATCl 
AfC2 

AIC4 
KtCm 


12.50 t 
9.38 t 
6.82 t 
5.00 t 
7.97 % 


12.50 t 
9.38 t 
6.82 t 
5.00 t 
7.97 % 


ASDl 
AS02 
A803 
A804 
A8D 


149 SLU 
123 SLU 
114 SLU 
89 SLU 
474 SLO 


' 39,250 SLU 
32,440 SLU 
30,000 SLU 
23>550 SLU 

125,240 SLU 



I 
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TABLE A (Continued) 



RESULTS OP INTERMEDIATE CALCULATIONS 



BOOi 

MLVSS « 
RSTSS 

ASDT ' 
AWDT 

RFP 
RSC 
RSU 



BOOi/AV 

BODi/ASU 

B0Oi/MLVSS 



(P/M) 



METRIC UNITS 

3,630 kg/day 
17,840 kg 
136,270 kg/day 

6.68 hr 
2.95 hr 



ENQLISH UNITS 

ib/day 

3t,^^3?5»=lb 
3(W^;42^0' lb/day 
- - '• .1- 
6.68 hr 
2.95 hr . 



50.00 % 
15.00 % 
1,700 SLU/day 

AERATION^ANK LOADINGS 



50.00 t 
15.00 t 
45a, 000 SLU/day 



610 g/cu m 38.14 Ib/lOOOcu ft 

7;660^jeg/l000ASU 63.96 Ib/iOO^ASU 
0.20 kg/kg 0.20 lb/lb 



PURIFICATION PRESSURES 



ATCxAMDT 20.32 
ATCxAifDT/lOOOmg/1 BOOi 127 



20.3^2 
127 



RSU/IOOOAFI 

RSU/BODi 

RSTSS/BOOl 



75 RSU/lOOOcu m 
0.47 RSUAg,^ 
38 k^/kg ^ 



75 RSU/lOOOgal 
56 RSU/lb 
38 lb/lb 



15 



22 



■ ■ • • . ■ ■ \ 

\ 

* _ \ 

BxpXaiatory Ho tat Some of the timeA^ncen- 
t ration daponcwnt paraneters in atap-fead (for 
axaapla, tha ATCxMfDT factor daacribad abova) ara 
baaad^on tha accumlatad auas of producta of 
factora for aach apacific bay of tha aeration 
tank. Aa auch, tha weighted wmain anawera cannot 
be determined 1^ the aiaple diviaion of aone of 
the previm^y calculated mean valuea. This fact 
need not tw -^alaraing becanae «the inatructiona 
printed jSL^xthe Calculaticm Fonna take care of 
theae apeoial requirenenta. ^ 

The folloiring explanation will help clarify 
.the valuaa that might be obtairied from different 
>ealculati(m procedurea* 

The calculaticm procedure determine 
ATCxMIDT for stap-feed cannot be sinplified by 
nultiplying ATCn of 7.97 % (Table A) by the ANDT 
of 2.95 hoars (Form A), 7.97 x 2.95 • 23.51, which 
does not equal the 20.32 ATCxAMDT oxidation 
^assure shown in Form A. 

The reason for this becomes more apparent 
from the followin? nore ^ familiar exaaqple 
calculation of the .average number of pounds of 
B005 entering a plant during a 3-day interval. 

Flow(mgd) x B0D5(mg/l) x 8.345 - lb of B0D5/day 



Day 1 


2.4 


X 


152 


X 


8.345 - 


3,044 


Day 2 


1.5 


X 


140 


X 


8.345 - 


1,752 


Day 3 


3.5 


X 


250 


X 


8.345 - 


7.301 


Bum 


T7f 




■542 








Avg. 


2.467 




180.67 






4,032 



But the B0D5 calculated from the average 
Flow and B0D5 ( 2.467 x 180.67 x 8.345 - 3,713 ) 
does not equal the 4,032 average of the* three 
previously calculated BOD values. 
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AERATION TANK MASTEUATER FLOW-IN - API 



Calculation Poza A can be used directly to determine 
essential process relationships if flow rates (especially 
AFZl, API2, etc.) have been aetered and if aixed liquor and 
return sludge concentrations (especially ATCl, ATC2, etc.) 
have 'been detemined. In all too aany plants, however, 
. individual flow rates to each aeratioh tank bay cannot be 
■easored. In such cases, the ATI values needed for use in 
Celcttlatioiir Poirp A can be calculated froa the Measured RSF; 
BSC, and ATC values. Calculation Pora B can be used to 
determine these API values. 



CALCULATION FORM B 



TO Deteraine API 



From Observedt RSP, RSC, and ATC 



Bay 


•1 


2 


3 


4 


5 


6 


Obs 
ATC 

j-1 
(%) 


Obs 
ATC 

j 

(%) 


Dif 
(%) 


TPL 

j-1 
(B9d) 


API 
j 

(mgd) 


TPL 

j 

(mgd) 


Wxtm,2 




1-2 


Proa 6 


3x4 


4+5 




*16.00 1 12.60 


2.50 


**3.00 1 


0.60^ 


^3.60 


j-2 


IS. 60^ 


^.9.38 

' 


3.12 


3.60-^ 


'^.20^ 


^4.80 


j-3 




^6.82 


I 2.56 


4.80-J 


T.SO^ 


^6.60 






5.00 


1.82 


'6.60p- 




9.00 


TOTAL 


AFU + AFI2 + AFI3 + AFM - AFI 


^ 6.00 



* ATC § (j-1) for Bay 1 - RSC 
** TPL % (j-1) for Bay 1 ■ RSP 
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The step-by-8tep calculation procedures in Form B are 
self-esmltuuitory. As emphasized in Calculation Form B, the 
measur^ RSC is the "Observed ATC* for Bay j-1, and the 
metered RSF is the "Observed TPL" for Bay j-1. It is 
essential that all calculations for the first bay be 
cospleted before starting calculations for the second bay. 
As e!q;4)asized by the arroirs on the form, the calculated TFL 
through Bay 1 (3.60) must be posted in the "TFL j-1" column 
in line "j-2" for use in calculating the API to the second 
bay. Calculations can then proceed from bay to bay until 
all AFX values are determined for use in Calculation Form A. 

V 

^ DISCUSSION OF EFFECTS OF SWITCHING 

TO VARIOUS STEP-FEED CONFIGURATIONS 

use of the calculation procedures to estimate the 
changes that coiild logically occur if the operational mode 
were cfhanged all the way from plug«-f low (all wastewater 
altering Bay #1) to contact stabilization (all wastewater 
' entering Bay <4) is discussed and illustrated in this 
section. 

Let's assume that a plant is operating in the plug--flow 
mode, sludge quality has been deteriorating for a weelc or 
more. The one«»hour settled sludge concentration (SSC60), 
for exaiq>le, has finally fallen from 15.0% to a dangerously 
low level of 6.0 %• Let's further assume that the operator 
has been increasing return sludge flow percentages according 
to the calculated dmands, but that he has finally reached 
the maximum capacity of his return sludge pumps at a* flow 
rate equal to 100 1 of the incoming wastewater flow. Then 
let's finally assume that he has been unable to improve 
sludge quality by Concurrent aeration intensity and. sludge 
wasting control efforts. Such occurrences are not uncommon 
at plants suffering from either temporary or sustained 
overloads. 

In cases like this, final effluent quality frequently 
remains excellent as long as the final clarifier sludge 
blanket formed by the slowly settling mixed liquor sludge is 
not forced up and out over the effluent weirs. It is, 
therefore , imperative that the operator modify control 
prociadures before the decreasing sludge settling rates 
induce classic sludge bulking with the accompanying drastic 
deterioration of final effluent quality. Switching from 
plug«-f low to step aeration would increase sludge oxidation 
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preMUTM «nd aost probably improve mixed liquor settling 
end concentration rates. Although final effluent quality 
will probably sag soneirha^ because of the reduction in the 
wastewater treatment pressures, such a sag will not nearly 
approach that which might otherwise occur if the present 
trend were permitted to continue right on to sludge bulking. 

At this time, or preterabA% before the SSC60 had fallen 
to 6t, the — operator could trUjculate the wastewater and 
sludger detention times that would result from step-feed 
configurations and then change into the mode he believes 
most appropriate. Shortly thereafter he should check the 
acttial effect of the switchover by obrerving the changes 
reflected in the results of his operational control tests 
and utilizing tabular Forms A and B to calculate process 
parameters (ATCxAHDT, etc), ultimately, he would modify the 
percfloitages of wastewater flow into the various aeration 
tank bays to best meet the actual plant loading and sludge 
quality requirements. 

The operator will obviously measure flow rates and 
perform the normal operational ccmtrol tests during and 
after the switch from plug-flow^ to contact stabilization. 
He should be able to observe distinctive changes in sludge 
quaUty within 3 to 7 days after the switchover. By this 
time better sludge quality, as indicated by increasing SSC60 
values, can be expected. He should then be able to continue 
reduced sludge, wasting rates to further increase ATC, RSC, 
sludge age, ^tipgrade sludge quality-', and improve pi^ocess 
performance. ' r""^ 

The object of this mod^ switch and these , process 
control adjustments has been ^o improve sludge quality and 
force the SSC60 value upward. When this objective is 
reached or approached, the operator will then be primarily 
concerned with final effluent quality. He will want to 
maximize treatment pressures - by shifting the step-feed 
loading back toward the plug-flow configuration. Now that 
the danger o^ sludge bulking has been removed, he can, for 
example,, re^just the wastewater distribution to send 
approximately one-third of the waste flow to Bay 1 and 
continue routing two-thirds to Bay 4. As conditions 
improve, he can then decide to shift the two-thirds of the 
waste loading from Bay 4 to Bay 3 to further increase 
purification pressures. if all i^oes well, he should 
continue backing up in this manner until he can once again 
route all w«stes to Bay 1, restore the process to plugrflow, 
and maximize the waste treatment pressures. 
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There are dozens of step^feed configurations that can 
/ be used to meet process demands. As discussed in the 
Sunmary Section, Bhifting tqward contact Btahilization will 
iner^aBB kludge oxidation preBBures and Bhifting toward 
plug-'flow will inoTBaBB waBtBWatBv purification prBBBureB. 

TABLE B 



C(»^ri8on Between Plug Flow & Contact Stabilization 
eAFI«6.00 ngd, RSF-6.00 ogd, SSC60«6.0%,MCR«800, MLVSS«75% 



TEST RESULTS (Measured or Calculated Values) 




PLUG 
FLGIf 


ccmtact stabilization 


i CONSTANT TSU 


9 CONSTANT 


• RSC 


% * 


♦ * 


AV6 (mil gal) 


1.5708 


1.5708 


100 


1.5708 


100 


Avij**con vac u i k 




0.3927 


25 


0.3927 


25 


AFZl (mgd) 


6.000 


0 


• 


0 


- 


KF X 4 (mga i 


A 
U 


0 


■to 


0 




AFI3 (mgd) 


0 


0 


— 


0 


— 


AFI4 (mgd) 


0 


tt 000 
o . uuu 




a 000 

o . uuu 






D • uuu 


6.000 


100 


6.000 


100 


RSF (mgd> 


6.000 


6.000 


100 


6.000 


100 






4.0 


133 


6.0 


200 


ATC2 (%) 


3.0 


4.0 


133 


6.0 


200 


ATC3 (%) 


3.0 


4.0 


133 


6.0 


200 


ATC4 (%) 


3.0 


2.0 


67 


3.0 


100 


ATCm (%) 


3.0 


3.5 


117 • 


5.25 


175 


RSC (%) 


6.0* 


4.0 


67 


6.0 


100 


RSU/Day 


360,000 


240,000 


67 


360,000 


100 


R8TSS (mg/1) 


4,800 


3,200 


67 


4,800 


100 


RSTSS (lb/day) 


240,300 


160,200 


67 


240,300 


100 


MLVSS (ng/l) 


1,800 


1,200 


67 


1,800 


100 


MLVSS (lb/day) 


23,600 


3,930 


17 


5,900 


25 


BODi (ng/l) 


160 


160 


100 


160 


100 


BODi (lb/day) 


8,010 


8,010 


100 


8,010 


100 


BODo (mg/1) 


10 


10 


100 


10 


100 


* Percent o 


f Plug-Flow Value 
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PLUG 














[raaCT STABILIZATION 






FLOW 


e CONSTANT TSU 


§ CCttTSTANT RSC 






% * 


. % * 


ASO^Total 


47^100 


0^0 /UU 


lie 

116, 




175 


CSD-Total 


22,500 


14,900 


67 


22,500 


100 


|TSD«Tatal 


69,600 


69,600 


100 


105,000 


150 


ASD^CMitact 


47,100 


7,850 


17 


11,780 


25 


AERATION TANK 












LOADINGS 












^^^^^^ M ^ ^k M AM^M 

BOOi/lOOOAVF 


38 


152 


400 


152 


400 


BODi/ lOOOASU 


170 


1,020 


600 


680 


400 


B0Di/MLV8S (F/M) 


0.34 


2.04 


600 


1.36 


400 


^•UDGE 












OXIDATION 












P8BSSURES 












AS>T (hrs) 


3.14 


5.5 


175 


5.5 


175 


CSDT (hrs) 


1.50 


1.5 


100 


1.5 


100 


SAH (hrs/day) 


16.2 


id o 
lo. o 


lie 


18.8 


116 




0.677 


0.786 


116 


0.786 


116 


AGE (Days) 


6.0 


6.0/ 


100 


9.0 


150 


AXG (Days) 


4.06 


4.71 


116 


7.1 


175 


MASTENATER 












PURIFICATION 












PRESSURES 












ANDT (hrs) 


3.14 


0.79 


25 


0.79 


25 


ATCxAMDT 


9.42 


1.56 


17 


2. 36 


25 


ATCxAWDT/ 












lOOOBODi . 


59^0 


9.8 


17 


14.7 


25 


RSU/IOOOAFI 


60.0 


40.0 


67 


60.0 


100 


RSU/lb BODi 


45.0 


30.0 


67 


45.0 


100 


RSTSS/lb BODI 


30.0 


20.6 


67 


30.0 


ipo 


* Percent of 


Plug-Flow Value 
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RATIONALE OF PROCEDURE DEVELOPMENT 



Th« folloving diagraas were developed for those 
interest«id in reviewing the rationale used in developing the 
step-feed calculation procedures. 

AMDT, ADT, I ASDT 

the three shaded areas, representing detention tiwes^in 
Figure 4, reveal at a glance the extent to which sludoe and 
mtswater aeration tank detention tiaes are changed when 
the process node is switched from plug-flow to step-feed. 
m, which is the sane for both sludge and wastewater at 
plug-flow, is indicated by the size of the shaded middle 
sket^. The relative sixe of the shaded area of the upper 
sketch shows that the time wastewater is subjectedto 
aeration (ANDT) was. reduced to 7C« of the plug-flow value 
after the mode was switched to step-feed. The relative size 
of the shaded area of the lower sketch shows that the time 
that sludge was subjected to aeration (ASDT) was increased 
to 160 t of the former plug-flow value. 

The ADT for plug-flow, illustrated in the middle 
sketch, is the sum of the tine that the combined return 
sludge and wastewater (TPL) remained in each of the four 
bays. 

The ASDT for step-feed, which is the time that sludge 
remains under aeration, (bottom sketch) is also the sum of 
the time that the combined return sludge and wastewater 
remained in each of the four biiys. But in this case only a 
fraction of the wastewater flow was directed into each of 
the Bays. This reduced ^the-total flow (TPL) through each of 
the first three bays (Column 10, Form A) and therefore 
increased the detention time in each of these bays (Column 
11, Form A). Switching from plug-flow to step-feed 
increases the time that sludge is subjected to aeration. 

Wastewater detention time (AWDT in the upper sketch) is 
calculated somewhat differently. The 0.6 mgd portion of the 
wastewater introduced to Bay 1 f]pw8 through all four bays 
and is therefore subjected to aeration for 6.68 hours. The 
product of this portion of the flow multiplied by its 
aeration detention time (0.6 x 6.6B ■ 4.008) is illustrated 
by the size of the bottom rectangle in tne upper sketch. 
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ASDT Ikn.) 




ATC|«MOT, 

FiguraS 
ATCK AWDT from ATCAA80T 
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The 1.20 mgd portion of wastewater introduced into Bay 
2, however, flows through only the last three bays and is 
subjected to aeration for only 4.59 hours. This product 
41^ "* 4*59 •* 5.508) is illustrated by the size of the 
aeomd lower rectangle in the upper sketch. 

similarly, the portions of wastewater flow introduced 
into*fi^s 3 and 4^ are subjected' to even less aeration. 

The sha<ted area of the upper sketch is equal to the sum 
of the areas of the four separate horizontal rectangles. 
The weighted aean wastewater detention tine (ANDT) is 
therefore equal to the sun of the products of the individual 
fltm portions tines their respective aeration detention 
tines divided by the wastewater flow (API). (17.688 from 
Column 18, Form A, divided by 6,0 from Column 12, Pom A ■ 
2.95 - AMDT) 



ATC X ANDT 



. Calculation of the ATCxAMDT factor for step-feed is 
also based on a progressively weighted nean value determined 
somewhat similar to the previously described AWDT. 

Wastewater flowing through each aeration tank bay is 
subjected to the ATCj x ASDTj in each bay (upper sketch and 
Colininl9, Form A). 

But^^heire again, only the 0.6 mgd portioiT^'of the 
wastewater that enters Bay jl,is subjected to the sum of the 
ATCj/x ASOTj pres^sures in all four bays. This value (0.6 x 
59.553 ■ 35.72) i* represented, by the lower rectangle in the 
bottom sketch. 

The 1.2 mgd portipn of the wastewater that enters Bay 2 
is subjected to the sunk of the ATCj x ASDTj pressures ih the 
last, three bays, e':c. And so on. 

The shaded area of the lower sketch in Figure 5 is 
equal to the sum of tlie areas of the four horizontal 
rectangles. The weighted mean ATC x AWDT for the entire 
cycle is equal to the sum of AFIj multiplied by -the 
accumulated sum of ATCj x ASDTj; all are divided by the 
total AFI entering the aeration.. tank. (121.930 from Column 
25, Form A, divided by 6.0 from Column 17, Form A ■ 20.32 • 
ATCxAWDT) 
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MEAN AERATION TANK CONCEKTRATION - ATCm 

8iao«, in stAp-f^ttd/^tlM ATC will decrease froa the 
first to tile Isst^-MiVtrtaMBtt a weighted aean ATC replaces 
the Pluf-flow AfCT. To detendne the weighted aean ATC, 
iXtOk}, Multiply each coBpartaent's ATC by the c(»partaent*8 
voitMf add titese teras together » and divide by the total 
aeration tank voluas. Thus, for a four coapartaent aeration 
tank with the individual coapartaent ATC's aeasured: 

ATDi « (ATCIxAVl * ATC2xAV2 * ATC3xAV3 ♦ ATCIxAVt) / AV 

Figure 6 graphically displays this calculation 
procedure. The area outlined with the heavy line is the sua 
of ASClxAVl * AITC2XAV2 -t- ATC3xAV3 ♦ ATC4xAV4. This area 
Bust and does equal the shaded area. ATCa is then 
calculated by dividing the area by the total aeration tank 
VOlOM, AV. 
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HBUlBiMI FOR STEP-mP CALCDUTlOMg 

Tte fexanlas uMd to drntrnxaltm th« Tarioos step-fMd 
r^ly tton shlif ax* pzoviM for thOM who aay wish to Mt op 
ttMir OMB spaeial ealeoUtloa pxeoodnm or progrm a 
oomttar to do tlia nock. All aqoatidna are sat up on tha 
Sbad.a of a foin>-bar Ration systoi. 

mnjS USQ) » CALCULATIOII FDRH A 

Tha followisig impUs shov tha aquations for tha 
prooaas avaluation faetora ahoim in Fora At 



TFLj 

*8I»T = jASPTj 
AFI 



ATCXAWDT - 



J*Flig*SOTjXATCj 



AFI 

ASU » 10,000 xAVxATCm 
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FORHULAS USED IN CALCULATION FORM B 

i 

If the AFI to each bay it unae tared and unknoim, each 
AFZj or percent of AFZ can be calculated from AFZ, RSF, RSC, 
and ATCj frcni the following: 

AFU- (RSF)(RSC-ATC1) / ATCl 
AFI2 - (RSF*AFI1)(ATC1-ATC2) / ATC2 
AFI3 - (RSF*AFI1*AFI2)(ATC2-ATC3) / ATC3 
AFI1 - (RSFfAFIl*AFI2+AFI3)(ATC3-Ara) / ATO 



ATCm & ATCh 

The following two equations are used to calculate the 
^ weighted aean aeration tank concent.ration (ATCm) and if it 
should be required the concentration of i^e last bay in the 
aeration tank (ATCn)t 

The last coapartnent ATC is given byt 

ATCh - RSFxRSC / (RSF+AFI) - RSFxRSC / TFL 
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Xitttd Oft iMlM tarn AM «vail«bl« tl»o«|li tte MitiOMl mmtm VMitMit 



□ 
□ 



for tha 

acmifH) WMB vnodw 

□ »jyv 2 / raif XX - Okaarvationa / Oeatcol faatto \ Mo. of Coplaa 

Q mr XXX-A - calealatioa vicoeaevfaa for Plfag^nem No. of Coplaa 
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FOREWORD 



The National ffaste Tr»ataent Center (Cincinnati) is 
develcqping a series of paaphlets describing Operational 
Qmtrol Prodedttlpes for the Activated Sludge Process. the 
series will include Part Z GB8EtmaiO»8 , Part II CONTROL 
'TB89S, Part III CALCQLATION PROCEDUISS, Part IV SLUDGE 
QOKLirt, Part V PRXESS CONTROL and an APPENDIX. Parts I 
and IX were originally printed as separate paai^lets dated 
April 1973. The May 1974 printing ooribined the two Parts 
which includes soae revisions concerning use of the 
centrifuge and dilution settloseter tests. Each part will 
be released for distribution as soon as it is crapleted, 
thougAi not necessarily in nusierical order. The original 
five-part series aay then be expanded to include cas^ 
histories and refined ptocess evaluation and control 
techniques. 

This paaqdilet has been developed as a reference for 
Activated Sludge Plant Control lectures Z have presented at 
training sessicms, syaposiSf and workshops. It is based on 
■y personal conclusions readied while directing the 
operation of dozens of activated sludge plants. This 
pMphlet is not necessarily an expression of Environmental 
Protection Agency (EPA) policy or requirements. 

4 

The mention of trade name^ or oosnercial products in 
this pamphlet is for illutftrative purposes and does not 
constitute endorsement or reooaimendation for use by the EPA. 



Alfred K. Mest 



1 
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CALCULATION FORM A 



Calculation Form A on pages 12 & 13 of the February 1975 
PART III-B was set up in a 8tep*by*step format to correspond 
directly to the explanatory Rationale of Procedure 
^Development on pages 22 through 26 • 

Once the governing principles and assumptions are 
understood, however, some of the steps can be combined for 
more direct, and somewhat simpler, calculation of the 
Process Characteristics. The following Simplified Calcu- 
lation Form Example, that does not require AFIj input, can 
be used instead of the original FORM A. 



SIMPLIFIED CALCULATION FORM EXAMPLE 

Direct Measurements 

No. of Bays « 4 

AFI " 6.0 mgd 

AVG » 1.571 mgd 

RSF ■ 3.0 mgd 

RSC « 15.0% 

Intermediate Summations 





1 


2 


3 


4 


Bay 


AV 


ATC 


AV X 


AV X 


No. 


(mil g) 


(%) 


ATC 


ATC 






Obs. 


1x2 


2x3 




0.314 


12.50 


3.925 


49.0^3^ 




0,346 


9.38 


3.245 


30.443 


j-3 


0.440 


6.82 


3.001 


20.465 


, j-4 


0.471 I 


5.00 


2.355 


11.775 


TOTAL 


1.571 




12.526 


111.716^ 



^ 2 
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PROCESS CHARACTERISTIC CALCUUTIONS 



To use the folloving Process Characteristic equations, 
the preceding Intemediate Stnmations Table nust first be 
cc»pleted. The colunn TOTALS are then substituted into 'the 
equations as indicated. 



ATCm ' Column 3 / Column 1 

- 12.526 / 1.571 

- 7.97 

ASDT - 24 X AVG : / RSP X RSC 

- 24 X 1.571 X 7.97 / 3,0 x 15.0 

- 6.68 

AWDT « 24 X AVG x ( RSC - ATCm ) / API x RSC 

« 24 X 1.571 X (15.0 - 7.97) / 6.0 x 15.0 

- 2.95 



ATCxAWDT - 24 x AVG ATCm - (Col. 4 / RSC x AVG)] / API 

« 24 X 1.571 7.97 - (111.746 / 15.0 x 1.571)] / 6.0 
^ 20,28 



,ASU « 10,000 X AVG X ATCm 

- 10,000 X 1.571 X 7.97 

- 125.210 



ERIC 
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FORftlLAS USED IN CALCULATION OF FORM B 



The first group of four formulas on page 28 of the 
February 1975 Part III-B must be used in proper sequence. 
That is, AFIl must be calculated first for use in the AFI2 
formula, and AFIl and AFI2 are needed to calculate AFI3, 

tttCm 

The following two formulas permit direct AFIj and TFLj 
calculations for any bay, 

*FI. = RSFxR8c(J^-^j 

(where ATCj-1 « RSC for Bay 1) 

TFi - HSFxRSC 

^ REQUEST FOR A?K< AUDIOVISUAL INSTRUCTION UNITS 

The Audiovisual request form on page 29 erroneously 
in^lied that the ti^es and slides were available ^at no 
charge* 

Actually; the catalogs are free, the tapes and slides 
may be borrowed, but the cost of reproduction is charged for 
permanent acquisition of the tapes and slides. 
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FORMULAS USED IN CALCULATION OF ORIGINAL FORM A 



There were errors in subscripts and summations in the 
formulas on page 27 of the February 1975 Part III-B, 
Furthermore, the ASU formula results are expressed in 
millions of sludge units* 

The following formulas supercede and replace those on 
page 27. Cut out this page on ,the dotted lines and insert 
over the existing formulas* 




n 



ASDT = £;ASDTi 



AWDT = 



ZAFIi tASDTi 
AFI 



n 



n 




AFI 



ASU = lO.OOOx AVXATC 



?7 
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TYPICAL PLUG FLOW ACTIVATED SLUDGE PLANT 



t 




TYPICAL STEP-FEED ACTIVATED SLUDGE PLANT 
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